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Executive summary 
Bangladesh, India, Indonesia, Malaysia, Maldives, Myanmar, Sri Lanka and Thailand are working 
together through the Bay of Bengal Large Marine Ecosystem (BOBLME) Project towards a 
coordinated programme of action designed to improve the lives of the coastal populations through 
improved regional management of the Bay of Bengal environment and its fisheries. The Project’s 
sub-component 2.3 addresses issues related to fisheries management approaches to trans-boundary 
species. In 2012 activities were initiated for stock assessment of Hilsa and Indian mackerel. 
Bangladesh Fisheries Research Institute (BFRI) and BOBLME agreed that BFRI should initiate work on 
Hilsa (Tenualosa ilisha) with regard to procedures and methods for assessment of the status of Hilsa 
resources.  
BFRI carried out a sampling programme for the collection of length-frequency data from Hilsa 
landings, reviewed the available historic data on catch and effort, collected data on current catch 
and effort, and sampled water quality data. These were used to determine the status of Hilsa 
resources. To achieve this BFRI also organized a training course for Bangladeshi Hilsa experts. 
BOBLME and IOTC organized a Fisheries stock assessment training workshop in Thailand in May 
2013, in which the Hilsa working group members from Bangladesh, India and Myanmar participated. 
During this workshop the working group updated the integrated model used for regional Hilsa stock 
assessment. 
In addition, BFRI also prepared awareness building materials, which were used in workshops 
organized by a Government of Bangladesh funded project “Jatka conservation and alternate income 
generation for Hilsa fishers”. 
The stock assessment work provided the following main result: In fresh water the mean annual 
estimated yield of hilsa (T. ilisha) was 351 000 tonnes against its MSY (Maximum Sustainable Yield) 
of 304 000 tonnes (2013) and 351 000 tonees against 311 000 tonees in marine waters (2013) (Table 
3). The stock of hilsa was overexploited by 15.46% and 12.86% in excess of their MSY (in terms of 
weight harvested) during 2013 in fresh and marine water respectively. 
The results demonstrated the need for continued assessments and implementation of fisheries 
management measures (including the present 11 day fishing ban) to reduce the pressure on Hilsa 
resources and bring the actual landings to levels corresponding to MSY 
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1. Background 
Bangladesh, India, Indonesia, Malaysia, Maldives, Myanmar, Sri Lanka and Thailand are working 
together through the Bay of Bengal Large Marine Ecosystem (BOBLME) Project towards a 
coordinated programme of action designed to improve the lives of the coastal populations through 
improved regional management of the Bay of Bengal environment and its fisheries. The project’s 
subcomponent 2.3, “Collaborative Regional Fishery Assessments and Management Plans”, supports 
the introduction and promotion of collaborative fisheries management approaches for selected key 
trans-boundary species through the development of regional and sub- regional management plans 
and harmonization of data collection and standardization. 
The BOBLME Project work plan for 2012, adopted by the Project Steering Committee (PSC) in March 
2012, includes the following activities: 
Hilsa and Indian mackerel: Stock assessments are updated and synthesized into regional 
(sub-regional) assessments. Short courses and workshops on stock assessment implemented. 
Targeted research for the improvement of data and knowledge on key resources designed and 
implemented (e.g. life history parameters, stock structure, genetics, morphometrics, 
interaction of different fisheries sub-sectors, critical habitats for life-history stages) through 
country institutions. Working group meetings held for Hilsa (3) and Indian mackerel (2), 
Ecosystem fisheries model produced. 
This Agreement relates to Bangladesh’s programme of work in accordance with the activities above, 
for which the Bangladesh Fisheries Research Institute (BFRI) has the national responsibility. 
Hilsa (Tenualosa ilisha), the national fish of Bangladesh, accounts for nearly half of the total marine 
fish production, equivalent to about 12% of the total fish production of the country. The 2012 
production is estimated at about 346 000 tonnes worth 103 000 million BDT. The Hilsa is also 
abundant in India (West Bengal) and Myanmar, but to a lesser extent. The production in India is in 
the order of 60 000 tonnes and in Myanmar 15 000 tonnes. In a recent assessment of the status of 
the Hilsa resources (BOBLME Hilsa working group meeting) it was concluded that the stock in 
Bangladesh is below optimal yield by 15-30% and substantially lower in India (less than 50%). No 
estimates for Myanmar are available because of lack of data. 
Considerable progress has been made on Hilsa research in Bangladesh but there is need for updating 
of stock assessment methods and related training of scientists to ensure continuity. The stock 
assessment in itself is a continuing activity since there are (yearly) variations in the renewal of the 
resource and over time changes in the fishing effort. Good estimates of the stock are fundamental to 
successful management of the resource. 
The activities undertaken under this agreement have made valuable contributions to better 
management of the Hilsa fisheries by defining procedures and methods for continuing assessment of 
the status of the Hilsa resources.  
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2. Terms of Reference 
The detailed Terms of Reference (TOR) as given in the agreement are in Appendix I. The major 
activities to be carried out were: 
 A sampling programme for length-frequency and Length-Weight data for Hilsa 
 Review of historic data on catch and effort 
 Gathering of current catch and effort data 
 Organize a training course 
 Assess the status of the Hilsa resources 
 Gather water quality data 
 Organize monitoring meetings 
 Organize awareness building workshops 
3. Inputs provided by the service provider and BOBLME 
The following essential inputs for implementation of the present agreement were provided free of 
charge by the service provider: 
 All services from team leader(s) and supervisory staffs of BFRI and DoF required for 
carrying out the services. 
 Use of all premises and facilities/installations at Chandpur, BFRI Research Station in 
Bangladesh. 
The Regional Coordination Unit (RCU) of the BOBLME Project carried the costs of: 
 Overseas air travel and DSA of the Chief Lecturer (on Stock assessment) from the RCU for 
the training course in stock assessment and 
 The costs of overseas air travel and DSA for the participants from India and Myanmar (four 
from India and four from Myanmar) in the training course in Dhaka. 
4. Achievements 
Monitoring meetings: Although no formal Monitoring meetings were possible to conduct, the team 
leader established a functional network with enumerators and Department of Fisheries (DOF) 
officers. Moreover, the working group of the ongoing Government of Bangladesh (GOB) funded 
“Jatka conservation and alternate income generation for Hilsa fishers: BFRI part” liaised with the 
Hilsa working group. Monthly progress review meetings of the GOB funded project also reviewed 
the progress of assessment of Hilsa resources in fresh water and marine waters. 
Training course stock assessment: The training course was convened in October-November 2013 
only with local Hilsa experts. 
Awareness building materials: A leaflet and a poster were prepared and printed (see Appendix II 
and Appendix III). 
Awareness building workshop: As a number of awareness building workshops were conducted 
under “Jatka conservation and alternate income generation for Hilsa fishers: BFRI part” project, no 
separate such workshops were held. The output of those workshops was included in the present 
report. 
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Figure 1. Experimental hilsa catching net at Meghna River, Chandpur 
 
  
Figure 2. Hilsa Length-Weight and Length-Frequency (L-F) data collection 
 
 
Figure 3. Hilsa Length-Frequency (L-F) data analysis with enumerator 
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Length-Weight and Length-Frequency data: Length-Weight (L-W) and Length-Frequency (L-F) data 
were collected according to the objectives of the project. About 3 000 L-F data along with Catch per 
Unit of Effort (CPUE) data were collected from Chandpur-Laxmipur region and entered into the excel 
program. At the same time, total landing of hilsa data were collected from Chandpur landing station 
and from Laxmipur, Kamolnagar, Ramgoti Charbhairobi and also from similar other hilsa areas. CPUE 
data of hilsa were collected from hilsa fishing grounds (both from inland and marine catches). 
Similarly, L-W and L-F data were collected from Barisal-Khulna areas. About 1 200 L-F data were 
collected and entered into the excel program. Total landing of hilsa data were collected from Khulna 
fish landing station (BFDC ghat, Khulna) and from Bagerhat and Patuakhali (Patharghata) and similar 
other hilsa areas. CPUE data of hilsa were collected from hilsa fishing grounds of that region. L-W 
and L-F data were also collected from Chittagong-Cox's bazar (marine environment) areas. 
Altogether about 1 100 L-F data were collected and entered into excel program for frequency 
arrangement. Total landings of hilsa data were collected from Cox's bazar Fish landing station (BFDC 
ghat, Cox's bazar) and from Chittagong fish landing station (BFDC ghat, Chittagong) and also from 
similar other hilsa-landing sites. CPUE data of hilsa were collected from hilsa fishing grounds (both 
from estuarine and marine catches). 
Secondary data on the environment such as, rainfall, water flow, siltation/sedimentation etc. were 
collected from the Bangladesh Water Development Board (BWDB). Water quality parameters such 
as water temperature, salinity, PH, Alkalinity etc. were taken at hilsa nursery grounds (Figure 4). 
 
Figure 4. Water quality parameters were collected from nursery ground of hilsa, Chandpur 
Catch and effort data: A review was made of all historic data available on catch and effort for Hilsa 
available at Chandpur, BFRI institute since the early 1990’s, stratifying by inland and marine sectors 
and by mechanized and non-mechanized boats for integrated Hilsa assessment. Catch and effort 
data were collected for 13 months (December 2012-December 2013) to cover seasonal variations. 
The analyses were conducted in the BFRI Station at Chandpur. 
Awareness building workshops: One awareness building workshop was organized at Chandpur 
(BFRI) in which fishers and traders were informed about the known status of the Hilsa stock and 
about the current research activities and the purposes thereof. These events also provided and 
opportunity for participants to express their views and concerns. 
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Figure 5. Awareness building workshop at Chandpur with fishers, traders and other stake holders 
Fishers and traders were informed about and discussed the benefits of jatka conservation, 
alternative income generating activities and the establishment of jatka/hilsa sanctuaries in the 
region. Posters and leaflets were distributed during the workshop.  
 
Figure 6. Distribution of hilsa posters and leaflets among the stakeholders, fishers and traders 
Stock assessment training: As an ongoing BOBLME programme of strengthening stock assessment 
capacity in the Bay of Bengal countries, it was done mainly through the hilsa working group and 
dedicated training activities in each country. Since similar needs and demands existed in the 
BOBLME Project and IOTC, both agreed to collaborate on a series of workshops, rather than doing in 
individual country, to address deficiencies in understanding the science behind the stock assessment 
advice for these countries. 
The outcome of this collaborative initiatives was BOBLME-IOTC Fisheries stock assessment training 
workshop during 20-24 May, 2013 in Bangkok, Thailand designed to introduce basic principles of 
stock assessment of tuna and tuna-like species; and improve the understanding on how the data 
currently collected were used to develop dynamic stock assessment models, and the assumptions 
used in the assessment and their effect on the outcomes. Eight BOBLME country representatives and 
current Hilsa working group members (from Myanmar participated in the workshop. 
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Figure 7. BOBLME-IOTC Fisheries stock assessment training workshop during 20
th
 to 24
th
 May 2013 in Bangkok, Thailand 
The course covered the following: 
 The basic concepts of population dynamics models and how to develop them to answer 
management questions. 
 Introduction of cutting edge computational tools to evaluate and understand how to collect 
and analyze data for ecological and environmental studies. This was done through practical 
exercises and using tools in Excel and R. 
 Programming, visualizing data using integrated assessment models such as SS-III and Multifan-
CL. 
 Participants were invited to bring the stock assessments they were currently working on in 
their home countries to further refine them. 
 The workshop involved the current Hilsa working group members (from Myanmar, India and 
Bangladesh) and during the practical sessions they met to update the current integrated model 
used for the regional hilsa stock assessment. 
5. Results - Stock assessment and population parameters of Hilsa in the Bay 
of Bengal region, Bangladesh 
The Hilsa shad, commonly known as Hilsa (Tenualosa ilisha, Hamilton 1822) referred in the 
literature as an anadromous Clupeid of the Bay of Bengal and Indian Ocean, now established as a 
diadromous species, ascends in the rivers flowing into the Bay of Bengal, Arabian Sea and Persian 
Gulf. This is an important migratory species in the subcontinent, especially in Bangladesh, India and 
Myanmar. Tenualosa ilisha (Fisher and Bianchi 1984.) is the most widespread tropical shads found 
from North Sumatra in the East to Kuwait in the West and forms the basis of important fisheries in 
Bangladesh, India, Burma, Pakistan and Kuwait (Al-baz and Grove 1995, Whitehead 1985, Blaber 
2000). It is the national fish of Bangladesh and the largest single species fishery in the country, 
contributing 75% of total catch in this region (Raja 1985). It accounts for nearly half of the total 
marine catch and about 12% of total fish production in Bangladesh (Rahman et al., 2012 and Zaher 
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et al., 2013). The fishery provides direct or indirect employment to about 2% (2.5 million) of the 
entire population. 
This Hilsa shad, locally known as ‘Hilsa’ is widely distributed in almost all the major rivers, estuaries 
and marine waters of Bangladesh. It is capable of withstanding a wide range of salinities and 
migrating long distances upstream (up to 1 287 km). The majority of the population feed and grows 
mainly in the sea before migrating to fresh water for spawning. Juveniles develop and grow in fresh 
water, but soon migrate to the ocean, where they spend most of their lives. 
Hilsa are harvested by different types of crafts and gears in different seasons and environments. In 
the recent past, the fishery in inland waters has been declining, but the total catch has remained 
stable (about 250 000 tonnes annually) due to an increase in catch from the marine sector. The 
decline in the inland sector of the fishery, particularly in the Padma River, has been a cause of 
concern (Haldar et al., 1992, Mazid 1998, Rahman et al., 1999, Rahman et al. 2000, Haldar et al., 
2001, Rahman et al., 2001, Amin et al., 2003). 
There are a large number of vessels fishing for hilsa in all sectors and most are unregistered. This 
makes it difficult to estimate fishing effort. During the peak hilsa - fishing season 
(September - October) the number of vessels and types of fishing gear used to catch hilsa increases 
and  many non-traditional fishermen, day laborers and unemployed people participate. These, plus 
the migratory habits of the fish, add to the difficulty in obtaining reliable estimates of annual 
fishing effort in each sector. In spite of all these difficulties, it is essential to monitor the catch and 
production trends and to develop a catch monitoring system to serve population dynamics and 
stock assessment of the hilsa stocks. 
There have been almost no published estimates of hilsa Catch per Unit Effort (CPUE) and little 
information about hilsa population parameters in Bangladesh waters. However, detailed studies on 
population biology and genetics of this species have been reported by different authors (Haldar et 
al., 1992, Dahle et al., 1997, Hussain et al., 1998, Rahman et al., 1999, Rahman et al., 2000, 
Rahman et al., 2001, Amin et al., 2003, Salini et al., 2004). A few studies have been carried out on 
Jatka (juvemile Hilsa) (Rahman et al., 1995 and Miah et al., 2000) suggesting that the catch is 
unsustainable. Thus, the continuous unregulated catch of Hilsa will adversely affect the 
productivity of the population. Therefore, the present study was undertaken to provide an 
estimate of the population parameters, Catch per Unit Effort (CPUE), total annual production and 
Exploitation level (E), and Maximum Sustainable Yield (MSY). These aspects will help in formulating 
management and conservation plans for Hilsa in the Bay of Bengal region and could also be helpful 
for updating of existing Hilsa Fishery Management Action Plan (HFMAP) in the region. 
Methodology 
Length-Weight and Length-Frequency data of Hilsa (Tenualosa ilisha) were collected from 
Bangladesh waters during January 2013 to December 2013. Samples of Tenualosa ilisha were 
collected randomly using gill nets. Total lengths were measured in centimeters by a meter scale 
and weight in grams by a digital pan balance (Denver instrument XP-3000). The data were grouped 
into classes of 2.0 cm interval. The data were analysed using the FiSAT (FAO-ICLARM Stock 
Assessment Tools) computer software package as explained in detail by Gayanilo et al., (1996). 
Asymptotic length (Lα) and growth co-efficient (K) of the von Bertalanffy equation for growth in 
length were estimated by means of ELEFAN-I (Pauly and David 1981 and Saeger and Gayanilo 
1986). 
The maximum length routine (Formacion et al., 1991) was used to estimate Maximum Length (Lmax) 
from a set of n extreme values (Lα, the largest specimen in each sample of a species) using the 
regression: 
 
Lα=a + 1⁄α.P  
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Where, P is the Probability associated with the occurrence of an extreme value, 1/α a measure of 
dispersion, and Lmax is the intercept of the regression line with the probability associated with the 
nth observation. P is computed for any extreme value from P= m (n + 1)⁄ (Gumbel 1954), where, m is 
the position of the value, ranked in ascending order and n is the number of Lα values. This 
estimated Lmax value is considered as initial estimate of Lα. 
Fixed value of Lα and starting length, were used to estimate growth coefficient (K) values by 
scanning method. This method plots Rn values for a range of K values (0.10 to 10.0) on a log scale. 
It is only tools to assess the reliability of an estimated K value. 
The total mortality (Z) was estimated by using the length-converted catch curve method of 
ELEFAN-II. The natural mortality (M) was estimated by using the empirical relationship of Pauly 
(1980) i. e., 
Log10 M = -0.0066 - 0.279 Log10 Lα + 0.6543 Log10 K + 0.4634 Log10 T 
Where, Lαis expressed in cm, and T is the mean annual environmental water temperature in °C. It 
was 28 °C. 
Fishing mortality (F) was obtained by subtracting natural mortality (M) from total mortality (Z). The 
Exploitation rate (E) was calculated following Gulland (1971), E= F Z⁄  
Length at first capture (Lc) was estimated by using Beverton and Holt’s (1956) Z-equation, 
Z =
K(Lα-Lc̅)
Lc̅-Lc
 
Where, Z = total mortality, K = coefficient of growth, Lα = asymptotic length, Lc̅ = average length of 
total catch. 
The additional estimate of Lα and Z/K value were obtained by the following equation (Wetherall 
1986, as modified by Pauly (1986). 
(Lmean- L') = a + bL 
where, 
Lmean=
Lα + L'
1 + (Z K⁄ )
 
   From which 
Lα= a (-b)⁄  and Z K= (1 + b) -b⁄⁄  
where, Lmean is defined as the mean length of fish of length L’ and longer, while L’ is “some length 
for which all fish of that length and longer are under full exploitation”. L’ is the lower limit of the 
corresponding length interval (Beverton and Holt 1956). The growth performance of Tenualosa 
ilisha population in terms of length growth was compared using the index of Pauly and Munro 
(1984). i.e., 
ф'= Log10 K  + 2 Log10 Lα 
Recruitment patterns were obtained by backward projection on the length axis of a set of 
Length-Frequency data as described in the FiSAT routine (Gayanilo et al., 1996). The midpoint of 
the smallest length group in the catch was taken as length at recruitment, Lr (Murty et al., 1992). 
Relative yield per recruit (Y’/R) and relative biomass per recruit (B’/R) values as a function of E were 
determined from the estimated growth parameters and probability of capture by length (Pauly and 
Soriano 1986). The estimated length structured Virtual Population Analysis (VPA) and cohort 
analyses were carried out from the FiSAT routine. The values of Lα, K, M, F, ‘a’ (constant) and ‘b’ 
(exponent value) for the species were used as inputs to a VPA analysis in the FiSAT routine 
(Gayanilo et al., 1996). The to value was taken as zero. The method was published by Fry (1949) and 
subsequently modified by many authors (Pauly 1984 and Jones 1984). 
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The total annual stock size, average standing stock size and Maximum Sustainable Yield (MSY) of T. 
ilisha were estimated. For this purpose, at first the exploitation rate (U) was estimated using the 
equation given by Beverton and Holt (1957) and Ricker (1975) as U= F Z * (1 - e-z)⁄  To estimate the 
annual catch (Y), the landing data of hilsa were collected from different landing sites (Figure 8). 
Then, by using the values of U, F and Y the total annual stock (Y/U) and average standing stock (Y/F) 
were determined. The approximate MSY was then calculated using the relationship proposed by 
Gulland (1979): MSY=Zt*0.5* Bt, where, Zt was the instantaneous total mortality in the year t and Bt 
the standing stock size in that year. 
For the study of Length-Weight relationship of Hilsa, a large number of specimens were measured 
with the help of a meter scale to the nearest millimeter and were weighed on a physical balance of 
±0.1 g accuracy. Length-Weight relationship was established with the help of the following formula: 
W=a.Lb where, ‘a’ is a constant and ‘b’ is an exponent. The calculated weight for the corresponding 
observed mid-values of Total Length (TL) were obtained by using the above equation. In calculation 
of the coefficient of regression for Y (=W) on X (=TL), the least square method was followed. For 
calculating the relationship, the fish were divided into different size groups with a class interval of 
2.0 cm. The Length-Frequency data of the fish were analyzed by Petersen method. 
 
Figure 8. Geographical location of sampling areas (Chandpur to Cox's bazar) and different hilsa landing sites (S) of 
Bangladesh  
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6. Results 
6.1. Length-Frequency distribution 
Collected Length-Weight data of Hilsa (Tenualosa ilisha) in Bangladesh freshwater areas during 
January 2013 to December 2013 were compiled and the length-frequency of the data was also 
arranged for further analysis (Table 1). 
Table 1. Length-Frequency data used for estimating population parameters of hilsa (Tenualosa ilisha) in Bangladesh 
freshwaters during 2013 
Length (cm) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
20-22  4           
22-24  6 3  1  1      
24-26  8 50 2 2 1 2   19 1 19 
26-28  38 142 6 2 6 1 7 2 32 3 31 
28-30 1 34 170 68 116 46 108 60 126 54 31 42 
30-32 10 74 180 68 116 64 92 94 71 136 52 126 
32-34 84 330 120 42 84 126 176 94 74 254 121 150 
34-36 264 342 146 140 198 238 138 250 161 449 267 270 
36-38 340 176 244 142 350 376 406 482 446 262 264 7114 
38-40 44 62 170 146 144 292 244 178 231 160 212 59 
40-42 44 20 116 40 58 36 20 20 38 63 126 8 
42-44 2 4 98 12 10 6 4 6 28 32 501  
44-46  3 2 16 2 4 2 1 3 3 4  
46-48    1 2 4 0  2  2  
48-50    2 4 2 1  18    
50-52     6 1   1    
52-54             
 
Collected Length-Weight data of hilsa (Tenualosa ilisha) from marine waters during January 2013 to 
December 2013 were compiled and the length-frequency of the data was arranged for further 
analysis (Table 2).  
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Table 2. Length-Frequency data used for estimating population parameters of hilsa (Tenualosa ilisha) in marine waters 
during 2013 
Length 
(cm) 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
20-22             
22-24   5     4 35    
24-26   85    7 9 78  1 19 
26-28 2 21 87 4   7 29 116  23 71 
28-30 14 22 98 68  2 28 27 87 11 43 83 
30-32 74 106 46 47 4 11 41 67 101 57 73 149 
32-34 102 98 94 42 23 17 66 212 345 133 29 159 
34-36 162 294 142 141 74 33 192 265 553 487 82 384 
36-38 66 132 54 142 52 47 81 91 275 307 91 291 
38-40 27 62 28 148 58 27 42 62 97 211 46 121 
40-42 11 33 5 43 22 25 7 27 25 78 11 32 
42-44 10 22 2 14 7 28 2 7 8 37 3 11 
44-46 5 13  15 2 5  0 3 9 0 3 
46-48 4 3  0  1  2 1 7 2  
48-50 1 1  3    1  4 9  
50-52          0 2  
52-54          2 1  
54-56          1   
56-58             
58-60             
 
Growth parameters 
For the prediction of asymptotic length (Lα), the extreme value theory was applied and Lα was 
estimated from extreme values. Predicted extreme length for the year 2013 from sample from fresh 
waters and sample from marine waters were found to be 54.70 cm and 55.64 cm respectively. At 
95% confidence interval predicted extreme length lies between 51.25 cm and 58.25 cm for the 
sample throughout fresh waters and between 51.84 cm and 59.44 cm for the sample of marine 
waters respectively (Figure 9 and Figure 10). 
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Figure 9. Calculation of predicted extreme length of hilsa Tenualosa ilisha in 2013 from freshwater samples 
 
 
Figure 10. Calculation of predicted extreme length of hilsa Tenualosa ilisha in 2013 from samples in marine waters 
 
The growth parameters, Lα and K were estimated for two major zones in the year 2013. A very small 
difference between the extreme lengths in different zones was observed. Lα for the year 2013 for all 
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freshwater areas sample and marine water sample were found to be 58.86 and 58.71 cm and K were 
found to be 0.902 and 0.901 yr-1 respectively. 
The growth curves produced for both the hilsa zones with those parameters were shown over its 
restructured length distribution in Figure 11 and Figure 12. The to value was taken as 0 for both the 
cases. 
 
Figure 11. Growth curve of Tenualosa ilisha in fresh water ELEFAN I superimposed on the restructured Length-Frequency 
data (Lα = 58.86 cm and K = 0.902yr
-1
, 2013)  
 
 
Figure 12. Growth curve of Tenualosa ilisha in marine waters. ELEFAN I superimposed on the restructured 
Length-Frequency data (Lα = 58.71 cm and K = 0.901yr
-1
, 2013). 
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Growth performance 
Growth performance for Tenualosa ilisha was found to be 3.41 and 3.49 for both the zones in the 
year 2013 respectively. 
Mortality 
The annual mortality rates M (natural), F (fishing) and Z (total) were found to be 1.26, 1.72 and 2.98 
yr-1 for all Bangladesh water sample (2013) and 1.38, 1.79 and 3.17 yr-1 for marine sample (2013) 
respectively. The correlations co-efficient for the regression values were 0.985 (a = 0.0125 and 
b = 2.97) for all freshwater areas samples (2013) and 0.981 (a = 0.0126 and b = 2.98) for the marine 
samples (2013) respectively. 
Exploitation rate 
The rate of exploitation (E) was estimated as 0.57 and that of the Emax value recorded as 0.48 for all 
Bangladesh sample whereas, the rate of exploitation (E) was estimated as 0.56 and that of the Emax 
value recorded as 0.60 for the marine sample in the year 2013. The higher value of E indicates the 
overfishing during that period. This assumption is based on Gulland (1971), who stated that suitable 
yield is optimized when F = M i.e., when E is more than 0.50 the stock is generally considered to be 
overfished. 
Recruitment pattern 
The recruitment pattern (Figure 13 and Figure 14) showed that this species was recruited in the 
fishery with two major peaks throughout the year (2013). The major peak pulses produced 16.48% 
of the recruits on average during November in 2013 for all fresh water sample and 15.08% on 
average during May 2013 for marine sample. In the year 2013, 33.40% recruitment occurred in the 
1st lot and 66.60% in the 2nd lot for freshwater sample and thus, marine samples in the same year 
(2013), 60.13% recruitment occurred in the 1st lot and 39.87% in the 2nd lot. 
 
Figure 13. Recruitment pattern of Tenualosa ilisha in fresh water sample in 2013. 
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Figure 14. Recruitment pattern of Tenualosa ilisha in marine sample in 2013 
Virtual Population Analysis (VPA) 
Average values of F (L>23.0 cm for both the regions zone 1 and zone 2 in the year 2013) and E were 
obtained 0.189 and 0.313 (2013, zone 1), and 0.164 and 0.210 (2013 zone 2) respectively. Lα = 58.86 
cm, K = 0.902 yr-1, M = 1.26 yr-1, F = 1.72 yr-1, a = 0.0125 and b = 2.97 for the year 2013 and Lα = 58.71 
cm, K = 0.901 yr-1, M = 1.38 yr-1, F = 1.79 yr-1, a = 0.0126 and b = 2.98 for the same year 2013 in 
marine sample respectively were used as inputs to VPA. The t0 value was taken as 0 for both the 
zones. The highest exploitation was observed as main peak between length classes 38.0 cm to 39.0 
cm and another small peak between 48.0 cm to 49.0 cm in 2013 (Figure 15) and similarly, the 
highest exploitation was observed as main peak between length classes 39.0 cm to 41.0 cm and 
another small peak between 48.0 cm to 49.0 cm during 2013 for marine sample (Figure 16). 
 
Figure 15. Length-structured Virtual Population Analysis (VPA) of Tenualosa ilisha in 2013 for fresh water sample (zone 
1) 
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Figure 16. Length-structured Virtual Population Analysis (VPA) of Tenualosa ilisha in 2013 for marine water sample (zone 
2) 
Summary of population parameters of Hilsa (Tenualosa ilisha) in fresh water waters and marine 
samples during 2013 were shown in the following Table 3 with remarks. 
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Table 3. Summary of population parameters of hilsa (Tenualosa ilisha) in Bangladesh during 2013 
Population parameters Freshwater) Marine Remarks 
1. Asymptotic length (Lα) cm 58.86 58.71 Almost same for both 
the zones 
2. Growth co-efficient (K) yr-1 0.902 0.901 ” 
5. Total mortality (Z) yr-1 2.98 3.17 ” 
6. Natural mortality (M) yr-1 1.26 1.38 ” 
7. Fishing mortality (F) yr-1 1.72 1.79 ” 
8. Exploitation rate (E) 0.57 0.56 Overexploited in both 
the zones 
9. Exploitation level for maximum Y/R, 
(Emax) 
0.48 0.60 *E crossed Emax for 
zone 1 
10. Length at first capture (Lc) in cm 26.9 27.6 Good and seems 
normal 
11. Length at first recruitment (Lr) in 
cm 
23.0 23.0 Normal 
12. Growth performance index (ф') 3.41 3.49 Normal 
13. Length-weight relationship,  
W = aLb 
0.0125L2.97 0.0126L2.98 Isometric in both the 
zones 
* Present exploitation level (E) crossed the Emax i.e. maximum limit to obtain MSY for all Bangladesh 
sample (2013), which is harmful for the population. 
Stock assessment and MSY 
The value of annual catch/estimated yield, total annual stock, average standing stock and MSY 
recorded were 3.51 lakh tonnes, 5.773 lakh tonnes, 2.04 lakh tonnes and 3.04 lakh tonnes, 
respectively for the year 2013 for fresh water (Table 4). From these results it is evident that the 
value of MSY is below the annual catch, this indicates high fishing pressure on the stock of the Hilsa 
fishery. Similarly, for the marine water sample in same year 2013, the value of annual 
catch/estimated yield, total annual stock, standing stock and MSY recorded were 3.51lakh tonnes, 
5.969 lakh tonnes, 1.96 lakh tonnes and 3.11 lakh tonnes, respectively (Table 4). From these results 
it is also evident that the value of MSY is below the annual catch, this indicates high fishing pressure 
on the stock of the hilsa fishery in marine (zone 2) water during 2013. 
Table 4. Estimated yield, annual stock, average standing stock and Maximum Sustainable Yield (MSY) of hilsa (Tenualosa 
ilisha) (Ham.) in fresh water and in marine waters in the Bay of Bengal region. 
Species Year Estimated 
yield 
(tonnes) 
Annual stock 
(tonnes) 
Average 
standing stock 
(tonnes) 
MSY (tonnes) 
Tenualosa ilisha 2013 
(Fresh water) 
351 000 577 300 204 000 304 000 
“ 2013 
(Marine) 
351 000 596 900 196 000 311 000 
 
Study of Length-Weight relationship and determination of condition factor for any fish species are 
pre-requisites to know about the well-being of that fish species. It is particularly necessary for 
obtaining population parameters of the species as LeCren (1951) stated that the study of the 
Length-Weight relationship is useful for the determination of fitness, general condition of body 
weight, gonadal development etc. 
On the basis of ‘n’ values of Length-Weight relationship of the present samples (n = 2.97 for the 
freshwater sample; 2013 and 2.98 for marine samples; 2013), it was observed that the growth of 
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Hilsa was found isometric for both the environment in 2013. The Length-Weight relationship was 
determined by the equation W = aLb i.e.  Loge W = a + b Loge L. Similar equation was adopted by 
Swarup (1966) for Ganga Hilsa near Allahabad, and Miah et al., (1997), Miah et al., (1998), Rahman 
(1998), Rahman et al., (1998), Miah et al., (2000), Amin et al., (2000a), Amin et al., (2000b), Rahman 
et al., (2001) and Amin et al., (2002) for Tenualosa ilisha. 
To get better understanding about the population parameters of any fish species, firstly it is 
necessary to know the growth parameters of the species, which is one of the important factors to 
make any comment about that population. The estimated values of the growth parameters Lα and K 
of T. ilisha for two major zones were 58.86 cm and 0.902 yr-1 (2013, fresh water) and 58.71 cm and 
0.901 yr-1 (2013, marine waters) respectively. These values did not show significant variation when 
compared to the Lα and K values estimated by other authors for the same species (hilsa) in 
Bangladesh. 
The recruitment pattern from Length-Frequency data was found correlated with the time and length 
of the spawning season. The first peak of recruitment occurred in March and second peak in October 
during 2013 for fresh water and in May and in September during the same year (2013) for marine 
waters. Recruitment pattern was found suggestive of two uneven seasonal pulses in March-May and 
September-October. It appears from original pattern of recruitment with superimposed normal 
distribution that this species is recruited in the fishery during March-May and September-October in 
both environments. 
The estimated values of exploitation rate (E) were found 0.57 (2013, fresh water) and 0.56 (2013, 
marine waters) showing overexploitation trend for both fresh and marine waters. Mustafa and Azadi 
(1995) also found over exploitation trend after studying the population dynamics of white grunter P. 
hasta from the Bay of Bengal and reported that the Lα and K were found to be 56.9 cm and 0.38 yr
-1 
respectively and the rate of exploitation (E) was estimated as 0.507. 
Miah et al., (1997) estimated the population parameters of T. ilisha in the Meghna River and they 
reported asymptotic length Lα= 57 cm; growth coefficient K = 0.66 yr
-1, total mortality Z = 2.03 yr-1; 
annual natural mortality M = 0.89 yr-1; fishing mortality F = 1.14 yr-1 and exploitation rate E = 0.56. 
Here, over exploitation has been occurred on T. ilisha in marine waters hilsa like T. ilisha in the 
inland rivers and estuaries. 
Rahman et al., (1998) found the population parameters of T. ilisha from Length Frequency data 
which were Lα = 60 cm, K = 0.743 yr
-1, M = 1.18 yr-1, F = 1.43 yr-1 and Z = 2.61 yr-1 and the recruitment 
pattern showed one seasonal pulse during May. But for T. ilisha, recruitment pattern showed two 
seasonal pulses during March-April and September-October respectively in the present study. The 
population parameters of T. ilisha from Barisal coastal region obtained By Rahman et al., (1999) 
were Lα = 60.92 cm, K = 0.66 yr
-1, M = 1.12 yr-1, F = 2.16 yr-1 and E = 0.658. The study indicated clearly 
overfishing trends of T. ilisha fishery in the Barisal coastal region. The recruitment pattern was 
continuous with one peak per year. Similarly, the population parameters viz. Lα, K, M, F, E and Emax of 
T. ilisha in fresh water recorded by Rahman et al., (2000) were 61.50 cm, 0.83 yr-1, 1.28 yr-1, 2.01 yr-1, 
0.61 yr and 0.697 respectively. The recruitment pattern of this fish was continuous with one major 
peak per year. They observed overfishing of T. ilisha fishery in fresh water like T. ilisha fishery in 
Bangladesh of present time 2013 for both the stated environments. It is necessary to continue 
monitoring the exploitation rate (E) of Hilsa each year for the sake of proper management and 
sustainable exploitation. 
(The exploitation rate, E and corresponding permissible level for obtaining maximum yield per 
recruit, Emax (calculated from the plot of relative Y/R) values for T. ilisha were respectively 0.57 and 
0.48 for zone 1 in and 0.56 and 0.60 for zone 2 in 2013 (Table 2). The exploitation status of T. ilisha 
during those period when compared with the hypothetical ‘ideal E’ value of 0.5 for desirable fishing 
effort indicated over exploitation by 14% (fresh water) and 12% (marine waters) respectively in 
2013. However, when E value is compared to permissible exploitation level for obtaining maximum 
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yield per recruit (Y/R), Emax value indicated 18.75% overexploitation for fresh water (2013) and 6.67% 
overexploitation for marine waters (2013 ) respectively. 
In all fresh water the mean annual estimated yield of Hilsa (T, ilisha) was 351 000 tonnes against its 
MSY of 304 000 tonnes in fresh water (2013) and 351 000 tonnes against 311 000 tonnes in marine 
waters (2013) (Table 3). The stock of hilsa was overexploited marginally by 15.46% and 12.86% in 
excess of their MSY (in terms of weight harvested) during 2013 in fresh and marine water 
respectively. Exploitation values of T. ilisha during those habitats (Table 3) also supported the trend 
of over exploitation of the stock. 
Analysing the population parameters of hilsa in the inland marine waters, it could be concluded that 
the fish recruits in the fishery twice in a year and the present fishing pressure has crossed the 
optimum level. Therefore, it is necessary to maintain optimum exploitation rate (E) to get more 
sustained fish production from Bangladesh inland waters and Bay of Bengal water region. 
7. Conclusion and recommendations 
It is concluded that the Hilsa resources in Bangladesh waters were recruited in the fishery twice in a 
year and the fishing pressure has crossed the MSY level. Therefore, it is necessary to reduce the 
exploitation level to achieve a more sustainable production from both inland and marine waters. It is 
important to impose fishing regulation by restricting fishing intensity at least during peak spawning 
seasons of hilsa. There is an eleven days fishing ban following the Hilsa Fisheries Management Action 
Plan (HFMAP) of Bangladesh (Copy attached Appendix III). The results demonstrated the need for 
continued assessments and implementation of fisheries management measures (including the 
present 11 day fishing ban) to reduce the pressure on Hilsa resources and bring the actual landings 
to levels corresponding to MSY. 
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Appendix I Terms of Reference 
a. Definition of outputs and outcomes 
The Agreement is designed to define and demonstrate: 
Procedures and methods for continuing assessment of the status of the Hilsa resources: This will 
include sampling programmes for collection of various types of data such Length-Frequency, catch 
and effort and habitat indicators; the use of the data in alternative stock assessment models and; 
training of scientists in stock assessment. The outputs will facilitate continuing monitoring of the 
fisheries and assessment of the status of the resources, which in turn will lead to better foundations 
for management decisions. 
b. Description of Services 
The major services to be undertaken by the Implementing Partner (IP) are outlined below: 
Technical details of them has been worked out by the IP and submitted to the BOBLME Project in the 
Inception report. 
A sampling programme for collection of Length-Frequency data from Hilsa catches to be planned 
and implemented. It will cover both the marine and the inland fisheries. The sampling will take place 
at three stations, i.e. at Cox's Bazar - marine environment, Chandpur – fresh water environment and 
Barisal - estuarine environment. The sampling to be carried out during four days per month at each 
of the three stations from December 2012 till December 2013. The number of samples will be 600 
fishes per month from each station. The total number of samples will therefore be 23 400 (600 x 13 
x 3). The samples will be measured during the sampling and further analyses will be done later at the 
Riverine Station, BFRI, Chandpur and the data will be processed (Excel, FiSAT) at the Riverine Station, 
BFRI, Chandpur. Three biologists will carry out the sampling after having received the necessary 
training. They will be supervised by Dr Md Anisur Rahman (Team Leader), BFRI and the processing 
and analysis of the data will be done by Md Ashraful Alam, BFRI. 
A review to be made of all historic data available on catch and effort for Hilsa available at 
Chandpur, BFRI institute since the early 1990’s. It will be stratified by inland and marine sectors and 
by mechanized and non-mechanized boats and will aim at an improved datasets that could be used 
in the integrated Hilsa assessment, and result in an improved assessment. It will be carried out by 
Md Ashraful Alam at BFRI, Chandpur with oversight from Dr Md Anisur Rahman (Team Leader), BFRI, 
Chandpur. The effort data will be collated and analysed by Masud Ara Mome and Md Kamruzzaman 
of DOF under Dr Rahman’s oversight. 
Current catch and effort data to be collected for 13 months (December 2012 - December 2013) to 
cover seasonal variations. Fishing boat data is necessary with a frame survey. Monthly sample will be 
collected from three major environments (likewise; fresh water, estuarine/coastal and fully marine 
areas). Total number of samples will be thirty nine altogether. The analyses are to be conducted in 
the BFRI Station at Chandpur by Dr Md Anisur Rahman (Team Leader), Md Ashraful Alam, Masud Ara 
Momy and Md Kamruzzaman (all biologists). 
The Implementing Partner has to organize a training course in stock assessment for 20 participants, 
12 from Bangladesh and 4 each from India and Myanmar. The duration will be one week, including 
field trips to data collection sites. It will be conducted at Dhaka, once the data collection 
programmes have started, so that when it is complete, the countries could conduct assessments 
independently. The Regional BOBLME Project will provide the Chief Lecturer for the course and 
cover the costs of air travel and DSA for the Chief Lecturer and participants from India and Myanmar 
(04 from India and 04 from Myanmar) for the week. The programme of the course will be worked 
out in consultation with the Chief Lecturer. 
On completion of the data collection programme, the status of the Hilsa resources to be assessed 
by applying the models used during the training course. The Hilsa Fisheries Assessment Working 
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Group (HFAWG) established by the BOBLME, will be responsible for this work and will be assisted by 
the stock assessment coordinator from BOBLME to get this completed. 
Water quality data such as precipitation, water temperature, salinity, water level, water discharge/ 
sedimentation, etc. for the three environments (FW, Estuarine and Marine) are to be collected from 
the Bangladesh Water Development Board (BWDB). The available data will be aggregated to 
monthly averages. After this, the data will be compiled and analysed for inter-annual variation and 
compared with Hilsa biological characteristics, and stock assessment recruitment variation 
parameters. This will be written up and summarized by Md Ashraful Alam, BFRI with oversight of Dr 
Md Anisur Rahman (Team Leader). The aim is to explore any correlations between the habitat and 
the fisheries and status of the resources, and to initiate a long-term study for the region using 
ecosystem indicators and tying them to fisheries abundance and recruitment dynamics. 
Monitoring meetings are to be held during the sampling programmes. Enumerators and supervisors 
will meet at the end of the 1st 2nd and 3rd quarters to summarize the progress, discuss problems and 
issues encountered and arrange for remedial actions if and as required. The outcome of these 
meetings will constitute the quarterly report to be submitted to the BOBLME Project. 
Awareness building workshops are to be organized at three (3) locations in which fishers and 
traders will be informed about the known status of the Hilsa stock and about the current research 
activities and the purposes thereof. These events will also be important for obtaining facts, views 
and concerns from the resource users, which will be included in the reports of the workshops. 
c. Work plan and time frame (duration) 
The duration of the agreement is fourteen (14) months, November 2012 - December 2013. A 
tentative schedule for producing the defined outputs is given in the Inception report. 
d. Monitoring mechanisms and reporting requirements 
The Service provider shall submit the following technical reports. 
i. Inception report with proposed detailed work programme and implementation 
arrangements including sampling programmes - before the end of the Quarter 4 of 2012. 
ii. Work progress reports at the end of March 2013 and mid of April 2013. 
iii. Work progress report of November 2012 through mid-September 2013 within late 
September 2013. 
iv. Final Report containing analysis of results, conclusions and recommendations including 
financial report - at the end of Q4/13. 
The Responsible Officer, assisted by the Project Director, Support to BOBLME Project, BFRI and the 
National Technical Adviser (NTA) and other relevant officers of the Support to BOBLME Project, 
according to their specific terms of references, will ensure receipt of progress reports from the 
Service Provider and be responsible for the monitoring and evaluation of the performance of the IP 
under the agreement. 
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Appendix II Hilsa leaflet 
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Appendix III Hilsa poster 
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Appendix IV Amendment of Marine Fishing Regulation Law 1993 by West 
Bengal Government to protect its Hilsa fishery 
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Appendix V Recommendations of the regional workshop of Chandpur 
1. Hilsa ban during peak spawning season should be extended up to 13/15 days instead of existing 
11 days. 
2. Hilsa fishing ban should not be declared by fixing the full moon, rather than the time or day 
should be fixed depending on the climatic condition. 
3. Hilsa fishing ban should be extended up to 25th October as lots of unspent fishes are available 
up to that time. 
4. Hilsa fishing ban should be declared in both full moon and new moon as more than 80% gravid 
hilsa prevails both of the times. 
5. Hilsa sanctuary in Andharmanik River should be extended up to Bura Gouranga Point of 
Rmnabad River. By this 90 -100 km area should be brought under the sanctuary area. 
6. Sanctuary area should be revised time to time depending on the research data. 
7. The declared of 5th sanctuary should be justified again. 
8. The fecundity of the fishes weighing 2-2.5 kg should be determined. 
9. The male and female ratio of hilsa should be tested. 
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Appendix VI Regional workshop held in Patuakhali 
1. The infrastructure of Water Development Board should be designed in accordance with the 
support of fisheries sector. 
2. Research should be conducted on early maturity of hilsa. 
3. Hilsa catch ban period should be re-identified. 
4. Effluent treatment plant should be established. 
5. Water quality monitoring cell should be formed. 
6. Research should be conducted on the shipment of breeding ground of hilsa towards 
Myanmar, for these vast areas of Bay of Bengal should bring under coverage of intensive 
study. 
7. The fishers of the districts viz. Barisal, Borguna, Pirojpur should be brought under alternate 
income generation activities of Jatka conservation project. 
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Appendix VII Population dynamics and stock assessment of hilsa 
(Tenualosa ilisha) in Bangladesh waters 
Date of collection: Time of collection:………………to…………………………hr 
Name of Investigator: Name of sampling site: Name of gear used: 
Name of particular location: Union: Village: 
District: Upazila:  
Sl. no. Length (mm) Weight (g) Sl. no. Length (mm) Weight (g) 
1   26   
2   27   
3   28   
4   29   
5   30   
6   31   
7   32   
8   33   
9   34   
10   35   
11   36   
12   37   
13   38   
14   39   
15   40   
16   41   
17   42   
18   43   
19   44   
20   45   
21   46   
22   47   
23   48   
24   49   
25   50   
 
 
 
  
 
  
 
